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A recent study by Dou et al. (2015) in Nature extends the functions of autophagy to the nucleus, where it me-
diates the degradation of the nuclear lamina upon oncogenic insults to reinforce cellular senescence.Macroautophagy (autophagy) is an ev-
olutionarily conserved lysosomal de-
gradation pathway crucial to eliminate
damaged cellular components as well as
to recycle nutrients during starvation
and stress. Autophagy initiates with the
formation of an isolation membrane de-
corated with the lipidated form ofmicrotu-
bule-associated protein 1 light chain 3
(MAP1LC3 or LC3), a key protein in this
pathway. The isolation membrane elon-
gates and seals to form a double-mem-
brane vesicle, the autophagosome, which
subsequently fuses with lysosomes, re-
sulting in the degradation of engulfed
cytoplasmic components (Mizushima
and Komatsu, 2011). Although the vast
majority of autophagy targets identified
to date are cytoplasmic, the presence of
key autophagy machinery components
within the nucleus, including LC3, has
suggested a role for autophagy in the
turnover of nuclear components (Huang
et al., 2015). In fact, initial evidence for au-
tophagic degradation of the nucleus was
observed over a decade ago. These early
investigations revealed that Saccharo-
myces cerevisiae starved of carbon or
nitrogen pinch off non-essential portions
of their nuclei, which are delivered to the
vacuole for breakdown. Although this
form of degradation, termed piecemeal
microautophagy of the nucleus, requires
core autophagy proteins, it does not
involve the formation of the double-mem-
brane vesicle typically observed during
cytoplasmic autophagy (Krick et al.,
2008). More recently, studies in yeast re-
vealed a second,more canonical pathway
by which autophagy targets nuclear ma-
terial (Mochida et al., 2015). In particular,
Atg39 and Atg40, two selective auto-
phagy receptors that reside within the nu-
clear membrane and largely contiguousendoplasmic reticulum, enable the
sequestration of portions of these organ-
elles into autophagosomes for subse-
quent degradation. A recent study by
Dou et al. (2015) in Nature now sheds
further light into this elusive process in
the nucleus of mammalian cells. Their re-
sults delineate that autophagy-depen-
dent nuclear remodeling may be more
pervasive than imagined and may direct
functions that extend from regulating
gene expression to protecting the
genome from oncogenic stress.
In an elegant and groundbreaking pa-
per, Dou et al. (2015) reveal that that the
autophagy protein LC3 interacts with
nuclear lamina protein lamin B1 and can
mediate its selective clearance in
response to specific stresses (Figure 1).
Lamin B1 and its related family members
are important structural proteins within
the nuclear lamina that associate with
transcriptionally inactive heterochromatin
domains called LADs (lamin-associated
domains), anchoring them at the periph-
ery of the nucleus (Dechat et al., 2008).
Unlike most forms of autophagy substrate
recognition that occur in the cytoplasm,
the authors demonstrate a specific inter-
action between LC3 and lamin B1 in the
nucleus. Remarkably, this interaction is
detectable within normal proliferating
cells, in the absence of any overt stress,
and it involves lamin B1 bound to hetero-
chromatin. Indeed, chromatin immuno-
precipitation coupled to genome-wide
sequencing (ChIP-seq) reveals profound
overlap between the loci bound by nu-
clear LC3 and lamin B1 in LADs.
Importantly, the functional significance
of this association only becomesmanifest
upon very specific forms of stress. In
response to oncogenic insults such as
DNA damage or constitutive RAS activa-Developmental Cell 35,tion, nuclear LC3 mobilizes chromatin-
associated lamin B1 to the cytoplasm
for degradation; remarkably, other auto-
phagy-inducing stimuli such as nutrient
starvation and rapamycin treatment fail
to provoke lamin B1 degradation via nu-
clear LC3. This coordinated depletion of
lamin B1 compromises the integrity of
the nuclear lamina, likely altering chro-
matin architecture and gene expression,
which is crucial for arresting the prolifera-
tion of these damaged cells through a
process termed cellular senescence, a
highly specialized gene-expression pro-
gram that serves to permanently arrest
cells in response to diverse oncogenic in-
sults, such as short telomeres, DNA dam-
age, and chronic oncogene signaling
(Salama et al., 2014). The senescence
program serves as an important tumor-
suppression mechanism, a concept that
is further supported by the fact that lamin
B1 mutants defective for interaction with
LC3 are able to escape autophagic clear-
ance, which both rescues the proliferative
capacity of damaged cells and attenuates
oncogene-induced senescence driven by
activated RAS.
Prior studies of autophagy during
senescence have revealed that it pro-
motes the transition to the senescent
phenotype via control of the senes-
cence-associated secretory phenotype
(SASP), a program of secreted cytokines
that reinforces the senescence program
(Young et al., 2009). However, impaired
autophagy only modestly delays the
synthesis of inflammatory SASP cyto-
kines during oncogene-induced sen-
escence; moreover, cells undergoing
telomere dysfunction-induced senes-
cence robustly activate autophagy even
though their SASP is negligible (Mar
et al., 2015). Accordingly, these resultsDecember 7, 2015 ª2015 Elsevier Inc. 529
Figure 1. Autophagy-Dependent Degradation of the Nuclear Lamina
In proliferating cells, a nuclear pool of the autophagy protein MAP1LC3 (LC3) interacts with nuclear lamina
protein lamin B1 at heterochromatin regions called lamin-associated domains (LADs). Upon oncogenic
insult (i.e., short telomeres, DNA damage, constitutive RAS activation), nuclear LC3 mobilizes chromatin-
associated lamin B1 into the cytoplasm for degradation via autophagy, which reinforces senescence.
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cence via functions other than the SASP.
Indeed, Dou et al. (2015) provide impor-
tant insight into this fundamental issue.
Remarkably, the cytoplasm of senescent
cells has been observed to contain chro-
matin fragments that bud off from the nu-
cleus and are degraded by the autophagy
pathway (Ivanov et al., 2013). The appear-
ance of these cytoplasmic chromatin
fragments, which contain both DNA and
histones with repressive and damage-
associated epigenetic modifications, co-
incides with the destabilization of lamin530 Developmental Cell 35, December 7, 201B1 and a pronounced loss of nuclear
envelope integrity. Furthermore, over a
prolonged period, the progressive auto-
phagy-dependent depletion of histones
within senescent cells prevents these
cells from escaping cell-cycle arrest. By
uncovering the role of nuclear autophagy
for lamin B1 degradation and loss of lam-
ina integrity, Dou et al. (2015) establish the
importance of this self-eating pathway in
the turnover of nuclear proteins and chro-
matin, which serves to maintain senes-
cence-associated proliferation arrest.
Undoubtedly, this study dramatically ex-5 ª2015 Elsevier Inc.tends the reach of the autophagy pathway
into the nucleus and reveals new routes
by which this dynamic process may influ-
ence cell fate and tumor suppression.REFERENCES
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